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Abstract Microbial productivity and growth rates were
estimated from rates of nucleic acid synthesis in the oligo-
trophic North Pacific Ocean near the Hawaiian Islands. A rate
of total microbial production equivalent to 400 mg C m 2 day !
and a growth rate of 0.4 to 0.5 doublings day ~! was measured
in the 0-150 m depth interval. The rate of total microbial pro-
duction in the 150-900 m depth interval was 790 mg C m 2
day !, almost twice as great as in the overlying waters. Micro-
bial growth rates in this depth interval ranged from 1.1 to 2.4
doublings day ~!. ATP measurements indicated that from 10 to
30% of the POC in the photic zone is composed of living car-
bon, that living biomass is in approximate steady-state, at least
on the scale of days, and that there are no diurnal biomass
fluctuations in this environment. Measurements of ATP in in-
cubation bottles showed that systematic fluctuations in ATP
concentrations do occur during in situ incubations.
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Introduction

Substantial progress has been made in the study of microbiolog-
ical oceanography in the past 20 years, especially with regard to
the standing stocks of microorganisms and the rates of primary
production in the sea. In general, numerous modifications of the
1CO, technique, originally proposed by Steeman Nielsen (1952)
have been used for the measurement of primary production (see
Peterson, 1980, for a detailed discussion of the use of the “CO,
method). The wide-scale application of this technique has pro-
vided us with what is believed to be a fairly accurate picture of
global marine productivity (Koblentz-Mishke, Volkovinsky, and
Kabanova, 1970). These studies have shown, for example, that
the majority of primary production occurs in the oceanic realm
in spite of the fact that production rates (per unit volume) may be
much greater in neritic waters (Ryther, 1969). It should be
pointed out, however, that the "“CO, technique is not universally
accepted as an accurate measure of total microbial community
carbon production, since the repackaging of soluble organic car-
bon by microheterotrophs, which may not be accounted for by
this technique, can represent an important pathway for carbon
and energy flow in certain environments (Pomeroy, 1974;
Sieburth, 1976). Furthermore, a number of studies have indi-
cated that the *CO, technique may substantially underestimate
the actual rate of primary production, especially in oligotrophic
oceanic habitats (Sheldon, Prakash, and Sutcliffe, 1973;
Sieburth et al., 1977; Sheldon and Sutcliffe, 1978; Tijssen, 1979;
Postma and Rommets, 1979; Johnson, Burney, and Sieburth,
1981; Shulenberger and Reid, 1981; Jenkins, 1982).

At present two opposing hypotheses, based on data resulting
from different experimental approaches, exist regarding the in
situ growth state of oligotrophic phytoplankton communities.
Using '%CO, incorporation and estimates of phytoplankton
standing stock (Eppley et al., 1973; Sharp et al., 1980), growth
rates appear to be low in the open ocean, presumably because of
nutrient limitation. Alternatively, if one relies on measurements
of phytoplankton elemental ratios (Goldman, McCarthy, and
Peavey, 1979), growth rates appear to be near maximal because
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of the rapid and efficient recycling of scarce nutrients in these
environments.

During the past few years investigations in our laboratory
have focused on the development and evaluation of a new ex-
perimental approach to the study of growth and metabolism of
oceanic microbial communities (Karl, 1979; Karl, Winn, and
Wong, 1981a, 1981b; Karl, 1981; Karl, 1982). This approach in-
volves the measurement of the rates of synthesis of both ribonu-
cleic acid (RNA) and deoxyribonucleic acid (DNA). Since
nucleic acids are essential components of all organisms and
since the rate of nucleic acid synthesis ultimately controls the
growth rate of microorganisms, this technique promises to yield
independent estimates of the rates of production and growth of
microbial assemblages in nature.

In this report we will use the term “microbial production” to
describe estimates of organic carbon production extrapolated
from nucleic acid synthesis rate measurements. This mea-
surement includes not only the production from inorganic car-
bon via autotrophic growth but also production from recycled
organic carbon via heterotrophic growth. The term “carbon pro-
duction” will be reserved for measurements of *CO, primary
production and refers specifically to the rate at which organic
carbon is produced from inorganic carbon.

Materials and Methods
Station Location and Sampling

The research reported here was conducted on a cruise aboard
the R/V Thomas Thompson in February 1980. The station was
located approximately 100 km southwest of the island of Hawaii
(Figure 1). Temperature, salinity, and density (o,) profiles for this
station are shown in Figure 2.

Water samples were collected in acid-washed 30- and 12-1 Nis-
kin® bottles. All samples were gravity prefiltered through 90 um
Nitex® mesh prior to analysis. Particulate materials for determi-
nation of adenosine-5'-triphosphate (ATP) were concentrated
onto Whatman® GF/F glass fiber filters which were immediately
immersed in boiling 60 mM PO, buffer (pH 7.4). ATP was mea-
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FIGURE 1. Station location (18°43.8'N, 156°50.4’'W) about 100 km southwest
of the island of Hawaii.

sured using the firefly bioluminescence assay procedure (Karl
and Holm-Hansen, 1978). Samples for particulate organic car-
bon (POC) and particulate organic nitrogen (PON) were col-
lected on combusted GF/F filters and analyzed according to the
method of Sharp (1974).

Incubations

Incubations were performed using *H-adenine, both on deck and
in situ in acid-washed 2-1 and 500-ml polycarbonate bottles. The
in situ incubations were deployed using a free-floating incuba-
tion array, for depths to 150 meters, or on the ship’s hydrowire
for deeper incubations (150900 m). In situ incubations were
conducted for 5 h (0-150 m) and 6.5 h (250-900 m). For shipboard
incubations (0—150 m depths only) the bottles were maintained in
clear Plexiglas tanks through which surface seawater (approxi-
mately 26°C) was continuously circulated. In situ light level was
simulated using neutral density filters.
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FIGURE 2. Temperature, salinity, and density (o) profile at station location.
Data courtesy of C. J. Lorenzen.

For the purposes of this paper the 0-150 m depth interval will
be referred to as the “photic zone,” since the 0.1-1.0% light level
is approached at approximately 150 m in these waters (Bienfang
and Gundersen, 1977). The 150-900 m depth interval will be
referred to as the “intermediate depth.”

Isotopes

[2-*H]-adenine obtained from New England Nuclear (specific
activity 20 Ci mmol ~!) was used for all experiments. The isotope
was diluted to a working stock of 100 wCi ml~! with sterile
distilled water and stored frozen (—20°C) prior to use. Isotopes
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were added to incubation bottles at concentrations or 1vu
pCi ™!, which was equivalent to the addition of 5 nM adenine.

Rates of Nucleic Acid Synthesis

Nucleic acid rate measurements were made according to the
methods outlined previously (Karl, Winn, and Wong, 1981a;
Karl, 1981). The rates of synthesis of both RNA and DNA were
calculated, except where otherwise noted, by the methods of
Karl, Winn, and Wong (1981a). Briefly, this technique measures
the rates of both RNA and DNA synthesis via the incorporation
of *H-adenine, a purine precursor to both RNA and DNA. The
rate of synthesis is determined by dividing the incorporation of
*H-adenine (nCi 17!) into RNA and DNA by the measured
specific radioactivity (nCi pmol ') of ATP, the intracellular pre-
cursor to adenine incorporation into nucleic acids. Rates are
expressed as pmol of adenine incorporated into nucleic acid 1!
h~!. Radioactivity was measured using a Searle (model 6890)
liquid scintillation counter with Aquasol II (New England Nu-
clear) as the fluor. Channels ratio was used to measure and cor-
rect for quench.

Results
POC and ATP Concentrations

Measurements of POC and PON at this station are shown in
Table 1 along with the corresponding ATP data from the same
hydrocast. Living carbon estimated from ATP (biomass-C =
ATP x 250; Holm-Hansen and Booth, 1966) was shown to be
less than 30% of the total POC in this depth interval. A separate
hydrocast, performed later in the cruise, produced the same
result (data not shown).

The vertical distribution of ATP is given in Figure 3. The ATP
values measured in the photic zone at this station (18—-60 ng ATP
171 are typical of previous measurements made in this depth
interval around the Hawaiian Islands (Bienfang and Szyper,
1981; Karl, Winn, and Wong, 1981b) and are consistent with
concentrations for oligotrophic oceans in general (reviewed by
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Table 1
Biomass parameters in the photic zone
Biomass-C
Depth POC PON C:N ATP® Biomass-C®  as % of

(m) (pgCLl™ (ugCl ) (wtwt) gl ") (ngCIl ') total POC
5 39.9 9.5 4.2 18.6 4.7 11.8
50 30.8 4.4 7.1 37.5 9.4 30.5
75 75.4 7.0 11.1 26.8 6.7 8.9
100 35.7 5.8 6.3 33.0 8.3 23.2
110 32.4 5.7 5.6 29.9 7.5 23.1
120 32.0 4.8 6.7 30.1 7.5 23.4
150 21.8 3.2 6.7 12.4 3.1 14.2

“Mean of duplicate determinations.
®Biomass-C estimated as ATP x 250.

Karl, 1980). The concentration of ATP from 750 to 3,000 m was
relatively uniform with depth at about 1-2 ng ATP 17",

A study was conducted to monitor total ATP concentration in
the photic zone over a 24-h period. No consistent change in ATP
concentration with time of day was observed (Figure 4). In con-
trast to the relatively constant concentrations of ATP measured
over a 24-h period in the water column, the ATP concentrations
in incubation bottles displayed systematic variations during in-
cubation. Table 2 summarizes the changes in ATP concentra-
tions, as a percentage of the initial concentration, during the in
situ incubations from 10 to 150 m. Analysis of variance showed
that there was a 94% probability that the ATP concentrations
measured before and after incubation were different. We also
observed that the percentage change decreased from a maximum
of 116% at 10 m and became negative for samples below 100 m
(Table 2). There was a significant inverse linear relationship (p >
0.99) between the percentage change in ATP and depth (r =
-0.92).

Rates of Nucleic Acid Synthesis and Time Course of Labeling

The results of *H-adenine time course experiment for an on-deck
incubation are shown in Figure 5. The time course of RNA and
DNA synthesis showed the effects of compartmentalization of
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FIGURE 3. ATP concentration as a function of depth. Data shown represent
the mean of triplicate measurements, + one standard deviation unit.

the ATP precursor pool as discussed in Karl, Winn, and Wong

(1981a).

A separate calculation of the rate of RNA and DNA synthesis
using the total label accumulated in RNA and DNA and the
integral of the ATP-specific activity over the length of the time
course experiment (Emerson and Humphreys, 1971; Yamazaki
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FIGURE 4. ATP concentrations measured in the water column during a 24-h
period at four depths in the photic zone and integrated from 0 to 120 m. Data
shown represent the mean of triplicate measurements, + one standard devia-
tion unit. Units on x-axis represent local time of day.

and Leung, 1981) was also performed. This calculation yields a
total rate of synthesis of 3.6 pmol DNA 17! h™! and 60 pmol
RNA 17! h™!. These rates are similar to the rates calculated at
discrete points during the time course (Figure 5, bottom). We
therefore have confidence that our DNA synthesis rates mea-
sured from end point data from 5- and 6.5-h in situ incubations
yield accurate nucleic acid synthesis rates.
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Table 2
Change in ATP concentrations in incubation bottles?
Depth Initial Final® Percentage

(m) (ng ATP 1Y) (ng ATP17Y) change

10 21.2 45.8 116

25 30.1 44.2 47

50 33.0 53.5 62

75 33.7 49.4 47
100 41.7 394 -6
125 20.0 11.9 —41
150 23.4 17.3 -26

2 All values are the means of duplicate determinations.
b<Rinal” values are those measured in the incubation bottles at the end of a
5-h in situ incubation.

In Situ Rate of RNA and DNA Synthesis

The results obtained from two separate in situ incubations (0—150
m and 250-900 m) are summarized in Figure 6. The total rates of
both RNA and DNA synthesis decreased with increasing depth,
as might be expected because of the corresponding decline in
living biomass (see ATP profile, Figure 3). In contrast, the
biomass-specific rates (i.e., rates per unit ATP) of RNA and
DNA synthesis increased with increasing depth, implying faster
biomass-specific growth rates for the intermediate-depth micro-
bial populations.

Using rates of DNA synthesis (Figure 6), an extrapolation was
made to total water column production. Assuming that dAMP
represents 25 mole percent of DNA, that DNA represents 2% of
cellular carbon by weight (Holm-Hansen, 1969), and that the
rate of DNA synthesis does not vary diurnally, the total organic
carbon production integrated from 0 to 150 m and from 150 to
900 m was approximately 400 and 790 mg C m * day !, respec-
tively.

The growth rates of the microbial populations were also es-
timated from the data derived from the in situ incubations. The
results are summarized in Table 3. The growth rates of the
microbial populations in the photic zone ranged from 0.4 to 0.5
doublings day~! whereas the growth rates estimated below 150
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FIGURE 5. Upper frame shows the time course of nucleic acid labeling.
Lower frame shows the total rates of RNA and DNA synthesis and DNA:RNA
ratio at various times during incubation. The DNA:RNA rate ratio is expressed
as *H incorporated into DNA as a percent of *H incorporated into RNA. The
water sample was collected at 10 m and incubated on deck. Zero hour was 1100
local time.

m ranged from 1.1 to 2.4 doublings day ~'. The growth rate at 150
m was intermediate between these values at 0.62 doublings
day L.

Discussion

The POC and PON concentrations and C:N ratios for the photic
zone at this station conform to values reported by Sharp et al.
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Table 3
Microbial community growth rates
Growth
DNA Microbial-C Rate®

Depth ATP Biomass-C*? Synthesis Production®  (doublings
(m)  (ngl™h (ngl™") (pmol1™'h™") (gl 'h™") day™")

10 24.1 6,030 1.8 110 0.44
25 30.1 7,530 2.3 140 0.44
50 33.6 8,400 2.1 130 0.48
75 33.7 8,420 2.8 170 0.48
125 20.1 5,020 1.7 100 0.48
150 20.2 5,050 2.1 130 0.62
250 7.20 1,800 1.3 80 1.1
500 2.05 513 0.8 50 2.4
600 2.40 600 0.9 55 2.2
700 1.95 423 0.5 31 1.7
800 1.50 375 0.3 19 1.2
900 1.35 338 0.4 25 1.7

“9Biomass-C estimated from ATP (ATP x 250).

bCarbon production estimated from DNA synthesis assuming DNA represents 2%
POC by weight.

“Doublings day ~ ' calculated as daily carbon production + initial biomass carbon.

(1980) for stations in the central North Pacific Ocean, but the
concentrations are higher than those measured at station Gollum
in Hawaiian waters (Gordon, 1971). Gordon used Selas Flo-
tronic® filters, which have a greater porosity than the glass fiber
filters used in this study and by Sharp et al. (1980). Our estimates
of living carbon suggest that between 10 and 30% of the POC in
the photic zone is living carbon. Sharp et al. (1980) estimated
that phytoplankton carbon (from measurements of phytoplank-
ton cell volume and number) averaged 36% of the total POC in
the mixed layer at their central North Pacific stations. Since
phytoplankton might be expected to represent a major fraction
of the total living carbon in the photic zone, these results appear
to be in reasonable agreement. Eppley et al. (1977) have noted
that in the photic zone of the neritic waters off southern Califor-
nia, living carbon extrapolated from ATP measurements repre-
sented, on the average, slightly more than 100% of POC. These
results may imply that the proportion of total POC represented
by living carbon declines from neritic to pelagic environments.
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Within the limits of precision of our measurements, we ob-
served no significant change in the standing stock of living
biomass (as measured by ATP) in the photic zone over a com-
plete diurnal cycle, assuming that there are no significant diurnal
changes in the C:ATP ratio in natural populations of microorgan-
isms. Postma and Rommets (1979) have demonstrated substan-
tial diurnal changes in POC and in the surface waters of the
equatorial Atlantic Ocean, which suggests that carbon produc-
tion and consumption are temporally uncoupled in this environ-
ment. Our results indicate that the concentration of living
microbial biomass in the photic zone in Hawaiian waters is in
approximate steady-state (i.e., dC/dt = 0), at least on scales of
hours to days, and that there are no diurnal fluctuations in stand-
ing stock.

Several independent investigators have noted increases in
biomass parameters during bottle incubations of oceanic micro-
bial populations (Sutcliffe, Sheldon, and Prakash, 1970; Shel-
don, Prakash, and Sutcliffe, 1973; Sheldon and Sutcliffe, 1978;
Fuhrman and Azam, 1980; Falkowski and Owens, 1982). Shel-
don and Sutcliffe (1978) reported increases in ATP concentra-
tions in incubation bottles in the Sargasso Sea, which they
interpreted as microbial production. On occasion, their data ex-
trapolated to doubling times of 3 h for the total microbial com-
munity in these oligotrophic waters. In contrast to the relatively
constant concentrations of particulate ATP in the water column
in our experiments, significant changes in ATP concentrations
(+116% to —41%) did occur during 5-h in situ incubations of
surface water. These results indicate that prescreening and/or
containment of water samples in incubation bottles disrupts the
predator-prey relationships which presumably maintain constant
living biomass in the water column. The percentage change in
ATP concentration during bottle incubations decreased from a
maximum of + 116% at 10 m to negative values (i.e., loss of total
ATP during the incubation period) with depths below 100 m.
These data are not easily interpreted, since the effects of pre-
screening and containment of water samples in incubation bot-
tles are largely unknown.

Our DNA synthesis rate measurements suggest a growth rate
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for the entire microbial population in the photic zone of approxi-
mately 0.4 to 0.5 doublings day ~!. These growth rates are within
the range of previously published estimates of growth rates of
pelagic phytoplankton (Goldman, McCarthy, and Peavey, 1979)
and agree with estimates of phytoplankton growth rates in coas-
tal Hawaiian waters (Redalje and Laws, 1981). These growth
rate estimates are greater than the 0.2 doublings day ~! reported
for the phytoplankton of the North Pacific Ocean using '*CO,
and *?PO, incorporation data (Eppley et al., 1973; Sharp et al.,
1980; Perry and Eppley, 1981), although the factor of 2 might
easily be accounted for by differences in the method used to
estimate microbial standing stocks. It is important to emphasize,
however, that our measurements include the metabolism of both
autotrophic and heterotrophic microbial populations and conse-
quently are not directly comparable to previous growth rate esti-
mates.

In situ incubations indicate that the biomass-specific growth
rates of the populations below 150 m (1.1 to 2.4 doublings day ')
are greater than those in the photic zone. At present we interpret
these results as being due to a shift in the makeup of the micro-
bial community with depth. In the photic zone the measured
rates of nucleic acid synthesis are the result of the metabolism of
both bacteria and phytoplankton, whereas below the photic zone
nucleic acid metabolism is predominantly due to heterotrophic
bacteria. Since bacteria have an inherently faster growth rate
than phytoplankton, the increased specific rate of synthesis in
waters dominated by bacteria is not totally unexpected. Our
growth rate estimates are considerably greater than the 0.4 dou-
blings day ~ ! previously reported for bacteria isolated from these
depth intervals in the central North Pacific Ocean (Carlucci and
Williams, 1978). However, their study involved only a single
bacterial isolate from this depth interval and is not directly com-
parable to the measurements reported here. Considering the cur-
rent paucity of information regarding the in situ metabolic status
of bacteria in the ocean, we feel that these data provide novel
information regarding the growth of microbial assemblages in
the ocean. The rapid biomass-specific growth rates observed in
the intermediate-depth waters may also indicate the presence of
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a zone of intense decomposition of sinking organic material from
the overlying surface waters. Similar zones of rapid bacterial
activity, presumably resulting from the remineralization of sink-
ing organic material, have also been identified in the Caribbean
Sea (Karl, 1979) and in neritic waters off central California (Karl
and Knauer, in press).

Rates of primary production in Hawaiian waters using “CO,
incubations generally measure less than 100 mg C m 2 day '
(Koblentz-Mishke, Volkovinsky, and Kabanova, 1970; Bienfang
and Gundersen, 1977; Bienfang and Szyper, 1981). In this study
rates of total microbial production estimated from DNA synthe-
sis measurements and integrated from 0 to 150 m are on the
order of 400 mg C m~2 day ~!. Again, we interpret this as the rate
of carbon produced by both autotrophic and heterotrophic proc-
esses (i.e., the sum of microbial carbon produced from inorganic
carbon and from recycled organic carbon). These data suggest
that the *CO, productivity technique may underestimate total
microbial community production in these waters, although until
the two techniques are compared simultaneously, a discussion of
these apparent disparities may not be fully justified. A number of
recent studies, using a variety of techniques, have also sug-
gested that '*CO, primary production incubations underestimate
organic carbon production in oligotrophic oceans (Sutcliffe,
Sheldon, and Prakash, 1970; Sorokin, 1971; Sheldon, Prakash,
and Sutcliffe, 1973; Gieskes, Kraay, and Baars, 1979; Goldman,
McCarthy, and Peavey, 1979; Shulenberger and Reid, 1981; Jen-
kins, 1982). The reason(s) for these discrepancies is still open to
debate (Eppley, 1980; Goldman, 1980; Peterson, 1980; Eppley,
1982; Kerr, 1983) and experimentation.

Total rates of microbial production estimated from DNA syn-
thesis measurements and integrated over the 150-900 m depth
interval suggest a rate of microbial production of 790 mg C m ™2
day ~!. This is nearly twice the rate of microbial production es-
timated for the photic zone. High rates of microbial production
below the photic zone have been reported previously for the
equatorial Pacific Ocean (Sorokin, 1971) but have generally been
discounted because of uncertainties in the methodology em-
ployed (Steeman Nielsen, 1972; Skopintsev, 1973; Banse, 1974).
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However, Jenkins (1982), using an entirely separate approach,
presents additional evidence for high rates of heterotrophic ac-
tivity below the photic zone. It is noteworthy that this apparent
carbon and energy enigma is not unique to our Hawaiian stations
but has been documented in the VERTEX program as well, both
at a eutrophic and a mesotrophic station (D. Karl and G. Knauer,
in preparation).

The high rates of total carbon production estimated at inter-
mediate depths could, in theory, be an artifact of the methods
used. If a major proportion of the microorganisms below 150 m
are incapable of assimilating *H-adenine, an artificially low com-
munity ATP pool specific radioactivity, and therefore an overes-
timate of the rate of nucleic acid synthesis, could result. If this
were the case, one might expect the specific activity of the ATP
precursor to be substantially lower below 150 m than in the
overlying waters. A plot of the specific activity versus depth
(Figure 7) shows that the more rapid specific rates of nucleic acid
synthesis measured below the mixed layer are actually the result
of an increase in the rate of *H-adenine assimilation per unit
biomass, rather than any systematic depth-dependent decrease
in the precursor specific activity.

One might imagine that a phytoplankton bloom, producing
large amounts of sinking detrital material (Packard et al., 1977),
could result in high rates of microbial production at intermediate
depth relative to the photic zone. However, we have discounted
this possibility, since the tropical oligotrophic oceans are known
for their temporal stability. We currently hypothesize that this
observation is due to a highly efficient recycling of organic mate-
rial by the resident microbial populations. The assimilation
efficiencies of marine heterotrophs may be as high as 60%
(Payne, 1970) or even higher (Williams, 1981). These high as-
similation efficiencies coupled with the recycling of organic ma-
terial can, under steady-state conditions, yield microbial
production estimates consistent with our field observations. Ob-
viously further work is required before any firm conclusions can
be reached.

In conclusion, our results indicate the following about the
oligotrophic waters near the Hawaiian Islands: (1) Living carbon
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represents less than 30% of the total particulate organic carbon
in the photic zone. (2) The microbial biomass present in the
photic zone is in approximate steady-state, at least on the order
of days, and there are no large diurnal biomass fluctuations.
However, changes in microbial biomass do occur during incuba-
tions of prescreened seawater, presumably because of the dis-
ruption of predator-prey relationships that maintain constant
biomass in the water column. (3) Extrapolations from DNA-
synthesis-rate measurements in the photic zone indicate a
growth rate for the microbial population as a whole of 0.4 to 0.5
doublings day ! and a total rate of microbial production of 400
mg C m~2 day~!. This rate of microbial production is con-
siderably greater than is typically measured in these waters us-
ing '*CO, primary production techniques. (4) Extrapolations
from DNA synthesis rate measurements in intermediate-depth
waters (150 to 900 m) indicate that the specific growth rate of the
microorganisms inhabiting this region is higher than the growth
rate of the populations inhabiting the overlying waters. Growth
rate estimates at intermediate depths ranged from 1.1 to 2.4
doublings day~!. The total depth-integrated microbial produc-
tion for this depth interval is 790 mg C m~2 day !, almost twice
the total microbial production for the 0- to 150-m depth interval.
We interpret the increased growth rate to be due to a shift in the
makeup of the microbial populations, from one dominated by
phytoplankton in the photic zone to one dominated by hetero-
trophic bacteria in deeper waters, and hypothesize that the high
rate of production is due to the rapid and efficient recycling of
organic matter derived from the photic zone.
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